Ig67.-The dissociation of potassium and glucose movement during glucagon-induced glycogenolysis was studied in the isolated rat liver utilizing a small volume perfusion apparatus. When glucagon was added to a preparation assumed to be insulin deficient and depleted of a fraction of liver K+ after 6o-min perfusion, a marked outflow of glucose occurred in the absence of an early efflux of liver K f. However, when glucagon was administered to a liver pretreated with insulin to restore intracellular K+, a large efflux of potassium occurred during the onset of glycogenolysis.
The administration of insulin after glucagon effected a recovery of potassium previously lost from the liver and reduced the outflow of glucose. These findings indicate that a fraction of potassium dependent upon insulin for retention within the liver moves independently of glucose and suggests that the early release of potassium during glucagon-induced glycogenolysis involves an inhibition of the effect of insulin on maintaining potassium within the cell. perfusion apparatus; liver K+ and glucose; effect of insulin; glucagon; insulin + glucagon P REVIOUS STUDIES HAVE SHOWN that the addition of insulin to the isolated perfused liver caused a prompt uptake of potassium which was not accompanied by an immediate increase in the uptake of glucose (3, I I). These findings suggested that the movement of potassium into the liver following the administration of insulin was independent of a concomitant transfer of glucose. In the intact animal, the release of potassium prior to the outflow of glucose following the administration of glucagon indicates the dissociation of the time sequence of potassium and glucose release from the liver during glycogenolysis (9, I 6). Although numerous studies have been made of the glycogenolytic effect of glucagon on the isolated perfused rat liver (I 2, 13, I T), the time sequence At a constant hydrostatic pressure of 14 cm, the rate of blood flow through the 22 perfused livers reported in this study averaged I. I o ml/min per g liver 5 min after the start of the perfusion.
The flow rate increased to I .54 ml/min by 30 min and plateaued at I .g5 ml/min after 75-"in perfusion.
The rate of bile flow during 2-hr perfusion was comparable to that found in the intact rat (5) 2. Alteration of perfusate glucose and plasma KS-concentration during I 2o-min perfusion of 3 control livers receiving I ml of salt solution (145 mEq NaCl and 5.6 mEq KCl/liter) at 60 min and an infusion of I .5 ml from 60 to I 20 min, 3 livers receiving I unit insulin in I ml salt solution at 60 min and an infusion of 1.5 units in 1.5 ml from 60 to 120 min, and 3 perfusate recirculations in the absence of the liver receiving the same dose of insulin or volume of hormone diluent. Values are expressed as the mean rt SE change in K+ and glucose concentration after Go-min perfusion.
RBULTS
The changes in plasma K+ and perfusate glucose concentration during 2 hr perfusion of three control livers (group 49 three livers receiving insulin from 60 to 120 min (group B) 9 a nd three experiments in which the perfusing medium was circulated in the absence of the liver are illustrated in Fig. 2 (Table   I , A C-A). Effect of insulin administered I min before glucagon (group 0).
As noted in Fig. 3, a was noted between go-and I ao-min perfusion (Table   2 Table  2 ). The administration of glucagon under these conditions effected a prompt efflux of potassium during the onset of glycogenolysis.
It was calculated that 46 & 13 ,umoles of K+ and 50 =t: IO pmoles of glucose were released from the liver 3 min after the administration of glucagon.
The net changes in plasma K+ listed in Table   2 indicate that between 75-and go-min perfusion, 67 =t 6 ,umoles K+ accumulated in the perfusing medium. When compared with perfusions receiving glucagon alone (group E), the increased efflux of 58 pmoles of K+ (67 -g) was associated with a decreased outflow of 84 pmoles glucose (2 79 -363) between 75 and go min. 
Alteration
of perfusate glucose and plasma K+ concentration after administration of a single dose of I pg glucagon in 0.5 ml salt solution at 75 min in each group. Group E (3 livers) received I .o ml salt solution administered as a single dose at 60 min followed by a continuous infusion of I .5 ml/hr between 60 and 120 min. Group F (3 livers) received a single dose of o. 125 unit insulin in 1.0 rnl salt solution at 60 min followed by an infusion of insulin at a rate of I .5 units in I .5 ml/hr from 60 to 74 min and an infusion of salt solution at a rate of 1.5 ml/hr from 75 to 120 min. Groz$ G (4 livers) received a single dose of o. 125 unit insulin in 1.0 ml salt solution at 60 min followed by an infusion of o. I 25 unit insulin/I .o ml at a rate of 1.5 ml/hr from 60 to I 20 min. glucose for each interval of time. All perfusions received a single dose of I pg glucagon in 0.5 ml salt solution after 75-min perfusion.
Group E received I .O ml salt solution at 60 min and an infusion of I .5 ml/hr from 60 to 120 min. Group F received 0.125 unit insulin in I .O ml salt solution at 60 min and an infusion of insulin at a rate of I .5 units in I .5 ml/hr from 60 to 74 min, followed by an infusion of salt solution from 75 to 120 min. Group G received 0.125 unit insulin in I .o ml salt solution at 60 min, followed by an infusion of 0.125 unit insulin in I .o ml salt solution at a rate of I .5 ml/hr from 60 to I 20 min.
DISCUSSION
The results of the present study indicate that the release of glucose from the liver following the administration of glucagon can be clearly separated from the efflux of potassium.
When glucagon was administered after 60-min perfusion to a liver which had previously lost potassium to the perfusing medium, the initial outflow of glucose occurred in the absence of an early release of potassium.
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